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(57) ABSTRACT

A system and program product for facilitating computing-
environment control of a resource to be accessed by existing
program code 1s provided which includes transparently
replacing an uncontrolled resource referenced by existing
program code with a resource controlled by a computing
environment. The protocol also 1includes transparently inter-
posing at least one resource management service of the com-
puting environment between the existing program code and
the resource controlled by the computing environment,
wherein the at least one resource management service pro-
vides computing-environment control of the resource to be
accessed by the existing program code. The replacing of the
uncontrolled resource prevents the existing program code
from directly accessing the resource.

14 Claims, 4 Drawing Sheets

.................................................................................................................



U.S. Patent Jul. 12, 2011 Sheet 1 of 4 US 7,979,851 B2




U.S. Patent Jul. 12, 2011 Sheet 2 of 4 US 7,979,851 B2




US 7,979,851 B2

Sheet 3 of 4

Jul. 12, 2011

U.S. Patent

L] 3
Lk Sal o R R R SR R AR R L N ML

L

.r.

o

i




U.S. Patent Jul. 12, 2011 Sheet 4 of 4 US 7,979,851 B2




US 7,979,851 B2

1

SYSTEM AND PROGRAM PRODUCT FOR
PROVIDING COMPUTING-ENVIRONMENT
CONTROL OF A RESOURCE TO BE
ACCESSED BY PROGRAM CODL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of co-pending U.S.
patent application Ser. No. 11/035,616, filed Jan. 14, 2005,

“Method for Providing Computing-Environment Control of a
Resource to be Accessed by Program Code,” the entirety of
which 1s hereby incorporated herein by reference.

TECHNICAL FIELD

This mmvention relates 1n general to migrating program code
from one computing environment to another, and more par-
ticularly, to a technique for transparently providing comput-
ing-environment control of a resource to be accessed by exist-
ing program code.

BACKGROUND OF THE INVENTION

It 1s often desirable to migrate program code from one
computing environment to another to provide analogous
functionality 1n different computing environments. One of
the goals of such a migration 1s to reduce program-code
development costs by sharing a single istance of program
source code (for example, a device driver) across a number of
computing environments or platiorms. Therefore, it 1s advan-
tageous to not change the shared program source code simply
to accommodate platform differences. One problem that
arises 1s that various operating systems for computing envi-
ronments use different approaches for managing resources of
a computing environment.

For example, 1n a UNIX device driver, the memory used to
represent a lock 1s typically placed directly in the control
blocks of the resource that the lock 1s being used to control. As
a result, this memory 1s uncontrollably accessible to and
changeable by any program 1n the computing environment
which has access to the enclosing control block. While this 1s
normal practice in the UNIX environment, other computing,
environments exist which do not directly expose resources of
the computing environment to programs executing in the
operating environment. Therefore, there 1s aneed in the art for
a technique of migrating existing program code from a native
computing environment to a target computing environment
that addresses the problem of the different placement of com-
puting-environment resources while maintaining a single
instance ol an existing program’s source code.

SUMMARY OF THE INVENTION

In one aspect, the shortcomings of the prior art are over-
come and additional advantages are provided through the
provision of a method of providing computing-environment
control of a resource to be accessed by existing program code.
The method comprises transparently replacing an uncon-
trolled resource to be accessed by existing program code with
a resource controlled by a computing environment. The
method also comprises transparently interposing at least one
resource management service of the computing environment
between the existing program code and the resource con-
trolled by the computing environment, wherein the at least
one resource management service provides computing-envi-
ronment control of the resource.
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2

Systems and computer program products corresponding to
the above-summarized methods are also described and
claimed herein.

Additional features and advantages are realized through
the techniques of the present invention. Other embodiments
and aspects of the invention are described in detail herein and
are considered a part of the claimed 1nvention.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which 1s regarded as the invention 1s
particularly pointed out and distinctly claimed 1n the claims at
the conclusion of the specification. The foregoing and other
objects, features, and advantages of the invention are apparent
from the following detailed description taken 1n conjunction
with the accompanying drawings 1n which:

FIG. 1 illustrates one example of a computing environment
incorporating and using a method of facilitating computing-
environment control of a resource to be accessed by existing
program code, 1n accordance with an aspect of the present
imnvention;

FIG. 2 1llustrates a flow diagram of one example of pro-
cessing of existing program code which accesses a resource;

FIG. 3 1illustrates one example of an organization of
memory utilized by existing program code i a computing
environment; and

FIG. 4 1llustrates one example of a flow diagram of pro-
gram code processing which results from incorporating a
facility for computing-environment control of a resource to
be accessed, 1n accordance with an aspect of the present
invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

The present invention provides a facility for computing-
environment control of a resource which 1s exposed to exist-
ing program code; 1.e., the resource 1s within the memory
space accessible by the existing program code. Providing
computing environment control of a resource 1s advantageous
where, Tor example, the exposed resource (1.e., uncontrolled
resource) 1s critical to the reliability, availability, or service-
ability of the computing environment. A file lock 1s one
example of such a critical resource. In accordance with an
aspect of the present mvention, an exposed (uncontrolled)
resource 1s replaced with an opaque handle, which represents
the exposed resource. The handle cannot be meaningtully
mampulated by the existing program code, which has access
to a control block in memory in which the handle 1s stored.
Services which intentionally operate on the resource 1n ques-
tion (for example, a file lock) are redefined over appropnate
computing environment services which then interpret the
handle stored 1n the exposed control block.

This technique prevents inadvertent modification of the
resource which has been replaced by a handle and ensures that
appropriate locally-defined mechanisms of the target com-
puting environment are employed when the existing program
utilizes this resource. The locally-defined mechanisms of the
target computing environment facilitate the reliability, avail-
ability, and serviceability of the target computing environ-
ment 1n one exemplary embodiment of the invention.

Methods of providing computing-environment control of a
resource to be accessed by existing program code, 1n accor-
dance with the present invention, may be incorporated in and
used with many computing environments. One example of a
computing environment incorporating and using a method of
providing computing-environment control of a resource to be
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accessed by existing program code, 1n accordance with the
present invention, 1s 1llustrated 1n FIG. 1 and described in
detail below.

Referring to FIG. 1, computing environment 100 includes,
for instance, central processing unit (CPU) 102, memory 104,
and one or more mput/output devices 106, each of which 1s
described below.

As 1s known, central processing unit (CPU) 102 1s the
controlling center of computing environment 100 and pro-
vides the sequencing and processing facilities for instruction
execution, mterruption action, timing functions, initial pro-
gram loading and other machine related functions. The cen-
tral processing unit executes at least one operating system,
which 1s used to control the operation of the computing envi-
ronment by controlling the execution of other programs, con-
trolling communication with peripheral devices and control-
ling use of the computer resources.

Central processing umt 102 1s coupled to memory 104,
which 1s directly accessible and provides for high-speed pro-
cessing of data by the central processing unit. Memory 104 1s
also coupled to one or more input/output devices 106. These
devices include, for instance, keyboards, communications
controllers, teleprocessing devices, printers, magnetic stor-
age media (e.g., tapes, disks), direct access storage devices,
and sensor based equipment. Data 1s transferred from
memory 104 to one or more input/output devices 106 and
from the input/output devices to the memory.

In one example, computing environment 100 1ncludes a
zSeries® main frame server running a zZ VM® or z/OS®
operating system, which are all offered by International Busi-
ness Machines Corporation. (The marks zSeries, z7VM, and
7z/OS are registered trademarks of International Business
Machines Corporation.) The invention 1s not limited to such
environments, however. The technique and capabilities of the
present invention can be incorporated 1n and used with many
types ol computing environments and with many types of
computer systems or platforms. The above system 1s only
offered as an example.

It 1s sometimes desirable that a program’s source code be
shared across two or more heterogeneous platforms. Such
sharing implies that the program’s source files must be usable
as-1s 1n each of the computing environments. In one example,
a program to be shared across heterogeneous platforms con-
s1sts of one or more program source files, which contain the
program definitions and statements that collectively represent
the shared functionality, and one or more program include
files which contain definitions and declarations for resources
that are not part of the program’s unique functional definition,
but which are referenced by the program. The program code
of the program source files may also contain program include
files which are related to the program’s unique functionality,
but the program include files related to the program’s unique
functionality are not essential to the present invention.

Although the C programming language i1s used in one
embodiment of the present invention, the method of present
invention 1s applicable to many programming languages. The
preprocessor capabilities of the C programming language
employed can also be provided by any of the numerous
stream-based editing tools that are available. One example of
a stream-based editing tool which provides the needed func-
tionality 1s m4.

The management of shared resources 1n a computing envi-
ronment can be facilitated by concealing the actual imple-
mentation of a resource from a program. Any of a number of
established techniques to conceal the actual implementation
of aresource may beused. In accordance with an aspect of the
present invention, the program to be shared conceals the
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actual implementation of a resource to be controlled or man-
aged by the computing environment. In one embodiment, for
example, the resource 1s declared and defined using a
resource-related program include file, and all operations over
that resource are performed via data types, macros and func-
tions declared by that program resource include file.

As used herein, the term native designates the operating
system and computing environment for which a shared pro-

gram was originally written. Also, the term target, as used
herein, refers to an operating system or computing environ-
ment which 1s intended to share one or more program source
files already existing on the native system. As will be appre-
ciated by one with ordinary skill in the art, the method of the
present invention can be utilized also 1n new program code
which 1s expressly written to be shared across heterogeneous
computing environments.

Example 1 hereinbelow 1s an example of program source
code which 1s to be shared across a plurality of heterogeneous
platiorms. Example 1 illustrates features of program source
code which are utilized in one embodiment of the present
invention. In the program source code of Example 1, the
nature of a resource to be 1solated from the existing program
code 1s concealed by an explicitly-declared data type 1n a
program resource include file named lock.h. In line 4 of
Example 1, an array named “lock™ 1s declared to be a data type
“lock_t,” an explicitly-declared data type. Example 2 herein-
below 1s an example of the lock.h program resource include
file for anative computing environment of the program source
code of Example 1. Inline 4 of Example 2, data type lock_t1s
declared to be a long integer. In Example 1, therefore, the
nature of the array named “lock”™ 1s concealed by the explic-
itly-declared data type “lock_t.” Concealing the data type of
a resource 1n this way, for example, facilitates i1dentifying
instances of the resource by automated pre-compilation
source code rewriting mechanisms.

Also, all operations over the resource lock[ 0] 1n Example 1
are performed by functions provided by program resource
include file lock.h. That 1s, functions 1nitlock( ), deletelock( ),

lock( ), and unlock( ) invoked 1n lines 10, 16, 21, and 32 of
Example 1, respectively, are declared in the lock.h of
Example 2. (The actual argument “common.lock™ provided
in these function calls 1s the first member of the data structure
named “common’, which 1s the 1nitial element of the “lock™
array. )

#include <lock.h>

struct Xyz {
lock__t lock[0O];
int other:;

} common;

volid proginit( )

{

— AND 20 ~] Oy ot B Lok

initlock(common.lock);

h

vold progterm( )

1

deletelock(common.lock);

00 -1 O LA B W RO = O

h

void progfuncl( )

{

L b b b b b b b
r L L L L r L

21
22
23
24}

lock(common.lock);

unlock(common.lock);



US 7,979,851 B2

D
EXAMPL

T
o

Source Code File of Program Code Written in the C
Programming Language

#itndef lock h
#define lock h

typedef long int lock_ t;

int initlock(lock_ t* lock);
int lock(lock__t * lock);

int unlock(lock_ t* lock);

int testlock(lock__t * lock);
int deletelock(lock_t * lock);

O o0 =] Oy h e ) b

ek
— O

#Hendif

[—
2

EXAMPL!

(Ll
o

Lock.h Program Resource Include File for a Native
Computing Environment of the Program Source
Code of Example 1

Since line 1 of the program source code of Example 1
includes the program resource include file lock.h, the existing
program code for the native computing environment com-

prises the program source code of Example 1 and the program
resource include file lock.h of Example 2.

By replacing the lock.h program resource include file of the
native computing environment (Example 2) with a lock.h
program resource include file of a target computing environ-
ment (Example 3, hereinbelow), the existing program code
can be rewritten transparently to provide computing-environ-
ment control of a critical resource to be accessed by the
program source code of existing program code.

#itndet lock _h
#define lock h

t#include <handle.h>
#include <syslock.h>

typedef handle ct lock t;

sNDY D0 =] Oy n s ) B

#define initlock(_ lock )%
(L)
syslock tsyslock;
syslock = sys__imitlock( ); %
h_setref(H LOCK, _lock ,syslock);?
~lock ;0

7)

#define lock{_ lock_ ) sys_ lock(h_ deref(H_I.LOCK,_lock ))
#define unlock(_ lock ) sys_unlock(h deref(H ILOCK, lock })
#define testlock(_ lock ) sys_ testlock(h_deref(H_[L.OCK,_ lock ))

OO0 -1 Oy B~ O

R N
—

#define deletelock(_ lock_ )%
({)
sys__freelock({deref(H_TLLOCK,_ lock_ ));%
h_reset(_ lock_ );\

R S AN
h s o kO

7)

Hendif

RN
-1 O
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0
EXAMPLE 3

Substitute Lock.h Program Resource Include File for
a Target Computing Environment of the Program
Source Code of Example 1

In accordance with an aspect of the present invention,
transparent rewriting of the existing program code 1n this way
includes the replacement of a locally-defined resource with a
token which can be used subsequently to redirect an operation
on the locally-defined resource to an appropnate resource of
the target system.

In accordance with an aspect of the mmvention, the han-
dle_ct data type referenced in Example 3 1s constructed 1n
such a way that the target computing environment can detect
damage to an instance of the handle_ct data type, including a
failure to 1mitialize. One of ordinary skill 1n the art would
readily recognize that there are several known mechanisms
for establishing integrity of an instance of the explicitly-
declared data type (e.g. check-summing).

In the target computing environment, an uncontrolled
resource which 1s remapped 1n accordance with the present
invention 1s only accessible via functions of the target com-
puting environment which are defined for the purpose of
accessing theresource. As shown in Example 3, a function for
accessing a resource controlled by a target computing envi-
ronment which has replaced an uncontrolled resource 1s made
available to the existing program code via a macro definition
which redefines a service referenced by the program source
code to 1mnvoke a resource management service of the target
computing environment. For istance, the #define statement
in line 17 of Example 3 redefines a call to the lock( ) service
by the program source code to invoke the sys_lock( ) resource
management service of the target computing environment. In
Example 3, the resource management services of the target
computing environment include the following functions:
sys_1nitlock( ), sys_lock( ), sys unlock( ), sys_testlock( ), and
sys_1Ireelock( ). In Example 3, the resource management ser-
vices of the target computing environment are provided by the
syslock.h file, which has been included in the lock.h file by
the #include <syslock.h> statement.

In the target computing environment, 1t 1s no longer pos-
sible to 1nadvertently access or update the information repre-
sented by the remapped resource. The target computing envi-
ronment can also establish mechanisms for the recovery of
the remapped resource.

The content of substitute lock.h program resource include
file of Example 3 for a target computing environment differs
in several aspects from the lock.h file for the native computing
environment. The substitute lock.h program resource include
file of Example 3 references two additional program include
files. File handle.h provides the declarations and definitions
needed to use handle_ct in the new type definition for the lock
resource. File syslock.h 1s used to introduce the target com-
puting environment’s functionality for operating over a lock.
The tfunction h_deref1s used to translate the handle reference
into a lock suitable for the target system’s lock operations. In
this example, the translation by the h_deref function relies
upon 1nitialization of the handle by the mmitlock macro.
Example 4 hereinbelow illustrates one example of code
which implements the h_deref function. The data type sys-
lock_t 1n Example 3 1s opaque to the existing program source
code and need not be directly interpreted by the existing
program source code. From the point of view of the existing
program source code, handle_ct may also be an opaque data

type.
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One mechanism for indirectly accessing a resource 1s 1llus-
trated in Example 4.

1  typedef struct handle c¢s {

2 long type;

3 void * object;

4 long checksum;

5} handle_ ct;

6

7

8

9  #define h__deref(_ type ., _obj_ )\

10 (((thandle_ ct *) (_obj_))->type)==(_type_))?}
11 (((handle_ ct *) (__obj_ ))->object): \

12 (NULL)

13

14 #define h_ setref(_ type_ , handle , resource )%

15 do{((handle ¢t *)(_ handle )).type = (_type_);\
16 ((handle_ ct *) (__handle_)).object = (__resource_ );
17 ((handle_ ct *) (_ _handle )).checksum \

18 = (_type_) (_resource_); \

19 } while(0)

20

EXAMPLE 4

H_deref.h Include File for a Target Computing
Environment

The definition of the handle ct data type 1s not mandated
by method of the present invention, but the definition of the
handle_ct data type 1n Example 4 1s one embodiment of a
handle-object data type for representing a resource to be
controlled by a target computing environment. In Example 4,
the h_derel service 1s defined using a macro 1n conjunction

with a manifest definition of the handle ct data type. If the
definition of handle_ct 1s to be opaque, then the h_deref
service would be implemented as a function or otherwise
concealed 1n a discrete executable component.

In connection with the replacement of a locally-defined
resource with a handle, the data area containing the resource
1s modified so that the data type of the critical resource 1s
consistent with the data type of the handle being used to
replace the resource. This does not affect the behavior of the
unchanged, migrated program code. C language preprocess-
ing 1s then used to re-specily services (1n the shared program
source code) which intentionally reference the resource
object. The change in data type of the resource’s 1dentifier and
the mapping to local system services are not apparent to the
unchanged, migrated program source code. Unintentional
references to the handle will generally produce an error at
compile time. Other unintentional damage to the handle will
be detected by the local computing environment the next time
the resource 1s used. Damage to an unused resource 1s avoided
because the resource 1s no longer directly accessible to the
ex1isting program code.

FIG. 2 illustrates flow diagram 200 for one example of the
processing executed by existing program code which
accesses a resource. The processing of tlow diagram 200
includes processing by existing program code 210. The exist-
ing program code then calls a system service to perform an
operation over an 1dentified resource 220. The operating sys-
tem performs the requested operation over the resource 1den-
tified 1n the system service call 230 and returns to the existing,
program code. The processing of the existing program code
continues based upon the outcome of the call to the system
service 240.
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Existing program code may have direct access to a critical
resource of the computing environment because the critical
resource may be stored in a memory location which 1s directly
accessible to the existing program code. FIG. 3 illustrates one
example of an organization of memory utilized by existing
program code 1n a computing environment. In the example
illustrated in FIG. 3, memory for the critical resource 310 1s
embedded in program memory space 300, which i1s utilized
by existing program code during execution in a computing
environment. In the example of FIG. 3, memory for the criti-
cal resource 310 1s located adjacent to memory for program
data structures 320 1n program memory space 300.

Memory for the critical resource 310 stores data compo-
nents which are recognized as being critical to the reliability,
availability, and serviceability of the computing environment
in which the existing program code runs, for example. In
accordance with an aspect of the present invention, the exist-
ing program code 1s aware of the location and size of memory
for the critical resource 310, but the existing program code 1s
not able to directly interpret or operate upon the data stored
therein. Although memory for the critical resource 310 1s
located 1n program memory space 300 1n the example 1llus-
trated 1 FI1G. 3, this 1s not required. Memory for the critical
resource 310 could be located 1n memory space of memory
104 in FIG. 1 whach 1s specifically allocated for storing criti-
cal resources, for example. Because a data structure of the
existing program code can be dynamically allocated 1n any
memory location within the existing program code’s program
memory space 300, the example of FIG. 3 illustrates that a
critical resource which 1s stored within the program memory
space 1s exposed to the risk of inadvertent damage from being
overwritten.

FIG. 4 illustrates one example of a flow diagram 400 for
program code processing which results from incorporating a
facility for computing-environment control of a resource to
be accessed by existing program code, 1n accordance with an
aspect of the present invention. The processing of tlow dia-
gram 400 1ncludes the same processing by existing program
code 210 shown 1n FIG. 2. The existing program code then
calls a target system service to perform an operation over an
identified resource 420. A new system interface of the target
system service interprets the 1dentified resource as the name
of a handle for the 1dentified resource 430. The handle passed
by the existing program code in the target system service call
1s tested for validity 440. It the handle representing the 1den-
tified resource 1s not valid, processing returns to the
unchanged existing program code 440; otherwise, i1t the
handle 1s valid, processing continues with decoding the
handle and locating the resource corresponding to the handle
450.

After retrieving the resource corresponding to the handle
460, the processing continues with a request for the target
computing environment to perform a requested operation
over the resource 1dentified by the handle 470. The target
computing environment performs the requested operation
over the 1dentified resource 480 and returns to the existing
program code. The service of the target computing environ-
ment, which was 1voked by the call to operate over the
identified resource 420, returns the result of the requested
operation 490. Then, the processing of the existing program
code continues based upon the outcome of the call to the
system service 240.

The capabilities of one or more aspects of the present
invention can be implemented in software, firmware, hard-
ware or some combination thereof

One or more aspects of the present invention can be
included 1n an article of manufacture (e.g., one or more com-
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puter program products) having, for instance, computer
usable media. The media has therein, for instance, computer
readable program code means or logic (e.g., instructions,
code, commands, etc.) to provide and facilitate the capabili-
ties of the present invention. The article of manufacture canbe
included as a part of a computer system or sold separately.

Additionally, at least one program storage device readable
by a machine embodying at least one program of instructions
executable by the machine to perform the capabilities of the
present invention can be provided.

The flow diagrams depicted herein are just examples.
There may be many variations to these diagrams or the steps
(or operations) described therein without departing from the
spirit of the invention. For instance, the steps may be per-
formed 1n a differing order, or steps may be added, deleted or
modified. All of these variations are considered a part of the
claimed invention.

Although preferred embodiments have been depicted and
described 1n detail herein, 1t will be apparent to those skilled
in the relevant art that various modifications, additions, sub-
stitutions and the like can be made without departing from the
spirit of the invention and these are therefore considered to be
within the scope of the mnvention as defined 1n the following
claims.

What 1s claimed 1s:

1. A computer system for providing target computing envi-
ronment control of a resource to be accessed by existing,
native program code, the computer system comprising:

a memory; and

a processor in communications with the memory, wherein

the computer system 1s capable of performing a method,

the method comprising:

transparently replacing an uncontrolled resource within
memory space directly accessible by an existing,
native program code with a handle within the memory
space directly accessible by the existing, native pro-
gram code, the handle representing a resource con-
trolled by a target computing environment and com-
prising a token which when accessed redirects an
operation of the existing, native program code to the
resource controlled by the target computing environ-
ment, the uncontrolled resource being uncontrolled
by the target computing environment, and the
resource controlled by the target computing environ-
ment being in memory space which 1s inaccessible
directly by the existing, native program code, the tar-
get computing environment comprising a target oper-
ating system which 1s different from a native operat-
ing system of a native computing environment for
which the existing, native program code was written;

transparently interposing at least one resource manage-
ment service ol the target computing environment
between the existing, native program code and the
resource controlled by the target computing environ-
ment, wherein the at least one resource management
service provides target computing environment con-
trol over the resource; and

wherein the transparently replacing comprises mapping
an 1dentifier of the uncontrolled resource in the exist-
ing, native program code to the handle representing
the resource controlled by the target computing envi-
ronment, and wherein the target computing environ-
ment shares access to the resource controlled by the
target computing environment with the existing,
native program code through the handle within the
memory space directly accessible by the existing,
native program code.
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2. The system of claim 1, wherein the at least one resource
management service interprets the handle to facilitate access-
ing the resource.
3. The system of claim 1, wherein the at least one resource
management service checks current validity of the handle.
4. The system of claim 1, wherein:
the existing, native program code comprises program
source code and at least one program resource include
file referenced by the program source code; and
the means for transparently replacing comprises means for
substituting at least one new program resource include
file for the at least one program resource include file.
5. The system of claim 1, wherein:
the existing, native program code comprises program
source code and at least one program resource include
file referenced by the program source code; and
the means for transparently interposing comprises means
for substituting at least one new program resource
include file for the at least one program resource include
file.
6. The system of claim 1, wherein:
the existing, native program code comprises program
source code and at least one program resource include
file referenced by the program source code; and
the system further comprises means for substituting at least
one new program resource include file for the at least one
program resource include file to effect the transparently
replacing and the transparently interposing.
7. The system of claim 6, wherein the method further
comprises automated pre-compilation processing of the pro-
gram source code and the at least one new program resource
include file to effect the transparently replacing and the trans-
parently mterposing.
8. A computer program product for providing target com-
puting environment control of a resource to be accessed by
ex1isting, native program code, the computer program product
comprising;
a storage medium readable by a processing circuit and
storing instructions for execution by the processing cir-
cuit for performing a method comprising;:
transparently replacing an uncontrolled resource within
memory space directly accessible by an existing,
native program code with a handle within the memory
space directly accessible by the existing, native pro-
gram code, the handle representing a resource con-
trolled by a target computing environment and com-
prising a token which when accessed redirects an
operation of the existing, native program code to the
resource controlled by the target computing environ-
ment, the uncontrolled resource being uncontrolled
by the target computing environment, and the
resource controlled by the target computing environ-
ment being in memory space which 1s inaccessible
directly by the existing, native program code, the tar-
get computing environment comprising a target oper-
ating system which 1s different from a native operat-
ing system of a native computing environment for
which the existing, native program code was written;

transparently interposing at least one resource manage-
ment service ol the target computing environment
between the existing, native program code and the
resource controlled by the target computing environ-
ment, wherein the at least one resource management
service provides target computing environment con-
trol over the resource; and

wherein the transparently replacing comprises mapping
an 1dentifier of the uncontrolled resource in the exist-
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ing, native program code to the handle representing
the resource controlled by the target computing envi-
ronment, and wherein the target computing environ-
ment shares access to the resource controlled by the
target computing environment with the existing,
native program code through the handle within the
memory space directly accessible by the existing,
native program code.

9. The computer program product of claim 8, wherein the at
least one resource management service mterprets the handle
to facilitate accessing the resource.

10. The computer program product of claim 8, wherein the
at least one resource management service checks current
validity of the handle.

11. The computer program product of claim 8, wherein:

the existing, native program code comprises program

source code and at least one program resource include
file referenced by the program source code; and

the transparently replacing comprises substituting at least

one new program resource include file for the at least one
program resource include file.

12

12. The computer program product of claim 8, wherein:

the existing, native program code comprises program

source code and at least one program resource include
file referenced by the program source code; and

5 the transparently interposing comprises substituting at
least one new program resource include file for the at
least one program resource include file.

13. The computer program product of claim 8, wherein:

the existing, native program code comprises program

10 source code and at least one program resource include
file referenced by the program source code; and

the method further comprises substituting at least one new

program resource include file for the at least one pro-
gram resource include file to eflect the transparently
15 replacing and the transparently interposing.

14. The computer program product of claim 13, wherein
the method further comprises automated pre-compilation
processing of the program source code and the at least one
new program resource include file to effect the transparently

20 replacing and the transparently interposing.
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